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SPECIFICATION 



EXHAUST GAS PURIFYING DEVICE AND EXHAUST GAS PURIFYING METHOD 

IN INTERNAL COMBUSTION ENGINE 

5 

TECHNICAL FIELD 



The present invention relates to an exhaust gas purifying 
device and an exhaust gas purifying method in an internal 
10 combustion engine including multiple collectors for collecting 
unclean substances included in exhaust gas in parallel. 



BACKGROUND ART 



15 A configuration providing a collector for collecting 

unclean substances (black smoke particles, nitrogen oxides and 
the like) in exhaust gas generated in an internal combustion 
engine on an exhaust passage is disclosed in Patent Documents 
1 and 2 for instance. Patent Document 1 discloses a technique 

20 of heating and burning off collected black smoke particles in 
order to regenerate a collecting function of a filter for 
collecting the black smoke particles. Patent Document 2 
discloses a technique of detecting a temperature of the 
exhaust gas in downstream parts of a NOx catalyst with a 

25 temperature sensor and increasing the temperature of the NOx 
catalyst based on this temperature detection result in order 
to regenerate the NOx catalyst. 

When controlling the temperature of the collector based 
30 on the temperature of the exhaust gas, it is possible to 

estimate energy of the exhaust gas by using the temperature of 
the exhaust gas detected by the temperature sensor so as to 
estimate the temperature of the collector from the estimated 
exhaust gas energy. The exhaust gas energy is acquired from a 
35 product of the temperature of the exhaust gas and an air flow 
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rate sent into the internal combustion engine. The air flow 
rate reflects an exhaust gas flow. In the case where there is 
a single exhaust path and the collector is on the exhaust path, 
the air flow rate correctly reflects the exhaust gas flow on 
5 the single exhaust path so that a value of the exhaust gas 
energy is correctly estimated. 

However, in the case where the collector is provided to 
each of the multiple exhaust paths placed in parallel and 

10 there are variations in exhaust resistance of the exhaust 

paths, that is, in the case where there are variations in the 
exhaust gas flow, it is not possible to estimate the exhaust 
gas energy in each of the exhaust paths correctly. To be more 
specific, the exhaust gas energy in each of the exhaust paths 

15 can be acquired by the product of the value acquired by 
dividing the detected air flow rate by the number of the 
exhaust paths and the temperature of the exhaust gas. In the 
case where there are variations in the exhaust gas flows in 
the multiple exhaust paths, however, the value acquired by 

20 dividing the air flow rate by the number of the exhaust paths 
does not correctly reflect the exhaust gas flow in each of the 
exhaust paths. 

[Patent Document 1] Japanese Laid-Open Patent No. 58-28505 
25 [Patent Document 2] Japanese Laid-Open Patent No. 11-117786 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

30 

An object of the present invention is to correctly 
estimate the exhaust gas flows in the exhaust paths 
corresponding to multiple collectors for collecting unclean 
substances included in the exhaust gas respectively. 
35 Disclosure of the Invention 
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MEANS FOR SOLVING THE PROBLEMS 

To achieve the foregoing objective, the present invention 
5 is directed to an exhaust gas purifying device in an internal 
combustion engine including multiple exhaust paths placed in 
parallel. An aspect of the present invention provides an 
exhaust gas purifying device including: multiple collectors 
for collecting unclean substances included in exhaust gas 

10 respectively provided to the exhaust paths; a plurality of 
differential pressure detecting means for detecting a 
differential pressure between upstream and downstream of each 
of the collectors; and flow rate estimating means for 
estimating an exhaust gas flow rate of each of the exhaust 

15 paths based on differential pressure information respectively 

obtained by the multiple differential pressure detecting means. 

According to an aspect of the present invention, a state 
of having a large differential pressure between upstream and 

20 downstream of a collector reflects a state in which the 

collector has a large exhaust gas flow while a state of having 
a small differential pressure between upstream and downstream 
of the collector reflects a state in which the collector has a 
small exhaust gas flow. If the differential pressure between 

25 upstream and downstream of a certain collector is larger than 
the differential pressure between upstream and downstream of 
another collector, the flow rate estimating means then 
estimates that the exhaust gas flow of the exhaust path 
corresponding to the former collector is more than the exhaust 

30 gas flow of the exhaust path corresponding to the latter 
collector. Therefore, even in the case where there are 
variations in exhaust resistance of the multiple exhaust paths, 
the exhaust gas flow rates of the exhaust paths corresponding 
to the multiple collectors are correctly estimated. The 

35 correctly estimated exhaust gas flow rates are used when 
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estimating the exhaust gas energy or when equalizing the 
exhaust gas flow rates of the exhaust paths. 

The flow rate estimating means may also estimate the 
5 exhaust gas flow rates when the unclean substances collected 
by the collectors are completely removed from the collectors 
by a regeneration process of the collectors. The regeneration 
process of the collectors is a process of removing the unclean 
substances collected by the collectors from the collectors. A 
10 state in which the unclean substances are not collected by the 
collectors is an appropriate state for exploring the 
variations in the exhaust resistance of the exhaust paths. 

The exhaust gas purifying device may include energy 
15 estimating means for estimating the exhaust gas energy of each 
of the exhaust paths based on the exhaust gas flow rate of a 
corresponding exhaust path estimated by the flow rate 
estimating means. 

20 In the case where the differential pressure between 

upstream and downstream of a certain collector is larger than 
the differential pressure between upstream and downstream of 
another collector, the flow rate estimating means estimates 
that the exhaust gas flow rate of the exhaust path 

25 corresponding to the former collector is more than the exhaust 
gas flow rate of the exhaust path corresponding to the latter 
collector. And the energy estimating means estimates that the 
exhaust gas energy corresponding to the former collector is 
larger than the exhaust gas energy corresponding to the latter 

30 collector. Therefore, even in the case where there are 

variations in exhaust resistance of the multiple exhaust paths, 
each of the exhaust gas energy corresponding to the multiple 
collectors is correctly estimated. 
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The energy estimating means may include flow rate 
detecting means for detecting an air flow rate led into the 
internal combustion engine and temperature estimating means 
for estimating a temperature of exhaust gas. 

5 

The air flow rate corresponding to the exhaust gas flow 
passing through multiple collectors is grasped from the air 
flow rate detected by the flow rate detecting means. For 
instance, the air flow rate corresponding to the exhaust gas 

10 flow of the multiple collectors is acquired by dividing the 
entire air flow rate by the number of the collectors. 
Hereunder, the exhaust gas energy acquired by a product of the 
air flow rate thus acquired and an estimated temperature of 
the exhaust gas is referred to as an estimated exhaust gas 

15 energy initial value. For instance, the energy estimating 

means corrects the estimated exhaust gas energy initial value 
based on the differential pressure information respectively 
obtained by the multiple differential pressure detecting means. 

20 A pair of the collectors may be provided, and the energy 

estimating means may estimate the exhaust gas energy 
corresponding to the collectors respectively based on the two 
differential pressures detected by the differential pressure 
detecting means respectively corresponding to the pair of 

25 collectors. 

In the case where there is a difference between the 
differential pressure of one collector and the differential 
pressure of the other collector, the energy estimating means, 

30 for instance, corrects the estimated exhaust gas energy 

initial value correspondingly to the one collector and also 
corrects the estimated exhaust gas energy initial value 
correspondingly to the other collector. In the case where the 
differential pressure of the one collector is larger than the 

35 differential pressure of the other collector, the exhaust gas 
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energy corrected correspondingly to the one collector has a 
larger value than the exhaust gas energy corrected 
correspondingly to the other collector. 

5 The internal combustion engine may include a supercharger 

for supercharging air to the internal combustion engine by 
using the exhaust gas flow. In the case where there are 
variations in supercharging performance of the supercharger, 
the present invention is suitable for application to the 
10 exhaust gas purifying device in the internal combustion engine 
including the supercharger. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Fig. 1 is a diagram showing the entirety of an exhaust 

gas purifying device according to a first embodiment; 

Figs. 2 (a) and (b) are timing charts showing changes in 
differential pressures; 

Fig. 3 is a flowchart showing a correction control 
20 program; 

Fig. 4 is a flowchart showing a correction control 
program according to a second embodiment; 

Fig. 5 is a flowchart showing the correction control 
program; 

25 Fig. 6 is a diagram showing an exhaust gas purifying 

device; 

Fig. 7 is a diagram showing an exhaust gas purifying 
device according to a third embodiment; and 

Fig. 8 is a flowchart showing a correction control 
30 program. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A first embodiment according to the present invention 
35 will be described below with reference to Figs. 1 to 3 . 
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As shown in Fig. 1, an internal combustion engine 10 
includes multiple cylinders 12A and 12B, and the multiple 
cylinders 12A and 12B are divided into two groups. A cylinder 
5 head 13A corresponding to the cylinders 12A of the first group 
has a fuel injection nozzle 14A mounted thereon for each of 
the cylinders 12A. A cylinder head 13B corresponding to the 
cylinders 12B of the second group has a fuel injection nozzle 
14B mounted thereon for each of the cylinders 12B. The fuel 
10 injection nozzles 14A and 14B inject fuel into the 

corresponding cylinders 12A and 12B. Reference numeral 11 
denotes a fuel injection device including the fuel injection 
nozzles 14A and 14B. 

15 The cylinder heads 13A and 13B have an intake manifold 15 

connected thereto. The intake manifold 15 is connected to 
first and second branched intake passages 16A and 16B. A 
compressor portion 191 of a first supercharger 19A is provided 
in the middle of the first branched intake passage 16A, and a 

20 compressor portion 191 of a second supercharger 19B is 

provided in the middle of the second branched intake passage 
16B. The first and second superchargers 19A and 19B are 
heretofore known variable-nozzle turbochargers actuated by an 
exhaust gas stream. 

25 

The first and second branched intake passages 16A and 16B 
are connected to a basic intake passage 21. The basic intake 
passage 21 is connected to an air cleaner 22. A throttle 
valve 17A is provided in the portion of the branched intake 

30 passage 16A between the first supercharger 19A and the intake 
manifold 15. A throttle valve 17B is provided in the portion 
of the branched intake passage 16B between the second 
supercharger 19B and the intake manifold 15. The throttle 
valves 17A and 17B adjust the air flow rate led into the 

35 corresponding branched intake passages 16A and 16B by way of 
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the air cleaner 22 and the basic intake passage 21. The 
throttle valves 17A and 17B have their openings adjusted in 
conjunction with operation of an accelerator pedal not shown. 



5 The amount of depression of the accelerator pedal is 

detected by an accelerator pedal detector 26. The rotation 
angle (crank angle) of the crankshaft (not shown) is detected 
by a crank angle detector 27. The depression amount detection 
information obtained by the accelerator pedal detector 26 and 

10 the crank angle detection information obtained by the crank 
angle detector 27 are sent to a control computer 28. The 
control computer 28 controls an injection starting time and an 
injection ending time of the fuel injection nozzles 14A and 
14B based on the depressing amount detection information and 

15 the crank angle detection information. 

The air led into the basic intake passage 21 shunts into 
the branched intake passages 16A and 16B, and the air flowing 
in the branched intake passages 16A and 16B joins together in 

20 the intake manifold 15. To be more specific, intake air sent 
out of the compressor portions 191 of the first and second 
superchargers 19A and 19B joins together in the intake 
manifold 15 to be supplied to the cylinders 12A and 12B. The 
branched intake passages 16A and 16B are designed to have a 

25 mutually equal air flow rate. 

A first exhaust manifold 18A is connected to the cylinder 
head 13A while a second exhaust manifold 18B is connected to 
the cylinder head 13B. The first exhaust manifold 18A is 

30 connected to a first exhaust passage 20A via a turbine portion 
192 of the first supercharger 19A. The second exhaust 
manifold 18B is connected to a second exhaust passage 20B via 
the turbine portion 192 of the second supercharger 19B. The 
exhaust gas discharged from the cylinders 12A and 12B is 

35 emitted into the atmosphere by way of the corresponding 



exhaust manifolds 18A and 18B and exhaust passages 20A and 20B. 
The first exhaust manifold 18A and first exhaust passage 20A 
configure a first exhaust path while the second exhaust 
manifold 18B and second exhaust passage 20B configure a second 
5 exhaust path. The first exhaust manifold 18A and first 

exhaust passage 20A and the second exhaust manifold 18B and 
second exhaust passage 20B are designed to have a mutually 
equal exhaust gas flow rate of the exhaust paths. 

10 A first airflow meter 23A as flow rate detecting means or 

a flow rate detector for detecting the air flow rate is placed 
on the first branched intake passage 16A upstream from the 
compressor portion 191 of the first supercharger 19A. A 
second airflow meter 23B as the flow rate detecting means or 

15 flow rate detector for detecting the air flow rate is placed 
on the second branched intake passage 16B upstream from the 
compressor portion 191 of the second supercharger 19B. The 
first airflow meter 23A detects the air flow rate in the first 
branched intake passage 16A while the second airflow meter 23B 

20 detects the air flow rate in the second branched intake 
passage 16B . 

A first collector 25A is provided on the first exhaust 
passage 20A, and a second collector 25B is provided on the 
25 second exhaust passage 20B. The first and second collectors 
25A and 25B are the collectors for collecting black smoke 
particles (unclean substance) included in the exhaust gas. 

A first differential pressure detector 24A is connected 
30 to the first exhaust passage 20A while a second differential 
pressure detector 24B is connected to the second exhaust 
passage 20B. The first differential pressure detector 24A is 
differential pressure detecting means for detecting a pressure 
difference between an upstream side and a downstream side of 
35 the first collector 25A. The second differential pressure 
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detector 24B is the differential pressure detecting means for 
detecting the pressure difference between the upstream side 
and the downstream side of the second collector 25B. 

5 Information on a first air flow rate Fl detected by the 

first airflow meter 23A and information on a second air flow 
rate F2 detected by the second airflow meter 23B are sent to 
the control computer 28. Information on a first differential 
pressure API detected by the first differential pressure 
10 detector 24A and information on a second differential pressure 
AP2 detected by the second differential pressure detector 24B 
are sent to the control computer 28. 

The control computer 28 executes a correction control 
15 program shown in the flowchart of Fig. 3. Correction control 
will be described below based on the flowchart of Fig. 3. The 
internal combustion engine 10 is in operating condition. 

In step SI, the control computer 28 takes in the 
20 information for the first differential pressure API and second 
differential pressure AP2 at a predetermined frequency. In 
step S2, the control computer 28 determines whether or not the 
first differential pressure API or the second differential 
pressure AP2 is a preset threshold a (a > 0) or more. In the 
25 case where neither the first differential pressure API nor the 
second differential pressure AP2 has reached the threshold a 
(NO in step S2), the control computer 28 moves on to step SI. 
In the case where the first differential pressure API or the 
second differential pressure AP2 is the threshold a or more 
30 (YES in step S2), the control computer 28 proceeds to step S3 
and performs a predetermined regeneration process. 

The predetermined regeneration process is a process of 
increasing the temperature of the exhaust gas in order to 
35 regenerate the collecting function of the collectors 25A and 
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25B. It is implemented by extending the fuel injection period 
of the fuel injection nozzles 14A and 14B and thereby 
increasing the fuel injection amount. To regenerate the 
collecting function of the collectors 25A and 25B, it is 
5 necessary to heat the collectors 25A and 25B to 600°C or so, 
for instance, in order to burn off the black smoke particles 
collected by the collectors 25A and 25B. For that reason, the 
control computer 28 estimates an exhaust gas temperature Tx of 
the exhaust passages 20A and 20B based on engine speed 

10 information and fuel injection period information calculated 
from crank angle detection information obtained by the crank 
angle detector 27 and air flow rate information obtained by 
the airflow meters 23A and 23B and the like. The control 
computer 28 and the airflow meters 23A and 23B configure 

15 temperature estimating means or a temperature estimating 

portion for estimating the temperature of the exhaust gas. 

The control computer 28 calculates an average value (Fl + 
F2)/2 of the air flow rates Fl and F2 detected by the airflow 

20 meters 23A and 23B respectively and a product [(Fl + F2)/2] * 
Tx thereof with the estimated exhaust gas temperature Tx. The 
average value (Fl + F2)/2 reflects a basic exhaust gas flow of 
each of the exhaust passages 20A and 20B. To be more specific, 
a basic value of the exhaust gas flow of each of the exhaust 

25 passages 20A and 20B is acquired based on the value acquired 

by dividing the air flow rate led into the internal combustion 
engine 10 by the number of the exhaust passages 20A and 20B. 
The product [(Fl + F2)/2] * Tx represents an estimate value of 
exhaust gas energy (hereafter, referred to as an exhaust gas 

30 energy initial value) . For this reason, the airflow meters 
23A, 23B and the control computer 28 also configure the 
estimating means or estimating portion for estimating the 
exhaust gas energy initial value. 
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The exhaust gas energy initial value reflects the 
temperature in the collectors 25A and 25B. The control 
computer 28 controls fuel injection to generate the exhaust 
gas energy capable of setting the temperature in the 
5 collectors 25A and 25B at the temperature necessary to burn 
off the black smoke particles collected by the collectors 25A 
and 25B (600°C for instance). Such a regeneration process is 
performed for a predetermined time period. 

10 Upon finishing the regeneration process, the control 

computer 28 calculates the difference (API - AP2) between the 
first differential pressure API and the second differential 
pressure AP2 in step S4 . In step S5, the control computer 28 
determines whether or not an absolute value of the calculated 

15 difference (API - AP2) is a predetermined threshold (3 ((J > 0) 
or more. In the case where the absolute value of the 
difference (API - AP2) is the threshold p or more (YES in step 
S5) , the control computer 28 corrects an estimation formula 
for computation t(Fl + F2)/2] * Tx for acquiring the exhaust 

20 gas energy initial value in step S6. 

In the case of API > AP2 , the estimation formula for 
computation [(Fl + F2)/2] * Tx is corrected as y * [(Fl + 
F2)/2] x Tx (provided that y is a positive number satisfying 2 

25 > y > 1) for instance so as to correspond to the first 

collector 25A. This is on the ground that the exhaust gas 
flow rate of the first exhaust passage 20A having the first 
collector 25A provided thereon is equivalent to y * [ (Fl + 
F2)/2]. Furthermore, the estimation formula for computation 

30 [(Fl + F2)/2] x Tx is corrected as (2 - y) x [(Fl + F2)/2] x 
Tx for instance so as to correspond to the second collector 
25B. This is on the grounds that the exhaust gas flow rate of 
the second exhaust passage 20B having the second collector 25B 
provided thereon is equivalent to (2 - y) x [(Fl + F2)/2]. To 

35 be more specific, the control computer 28 estimates the 
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exhaust gas flow rate of the respective exhaust paths having 
the first collector 25A and the second collector 25B provided 
thereon based on each piece of differential pressure 
information obtained by the multiple differential pressure 
5 detecting means. 

Conversely, in the case of API < AP2, the estimation 
formula for computation [ (Fl •+ F2)/2] * Tx is corrected as 5 * 
[(Fl + F2)/2] x Tx (provided that 5 is a positive number below 

10 1) for instance so as to correspond to the first collector 25A. 
Furthermore, the estimation formula for computation [ ( Fl + 
F2)/2] x Tx is corrected as (2-5) x [(Fl + F2)/2] x Tx for 
instance so as to correspond to the second collector 25B. The 
values of y and 6 are set according to a size of the absolute 

15 value of (API - AP2). 

The control computer 28 also configures a flow rate 
estimating means or a flow rate estimating portion for 
estimating an exhaust gas flow rate of each of the exhaust 

20 paths having the first collector 25A and the second collector 
25B provided thereon. The control computer 28 uses the 
estimation formula for computation corrected as above on the 
next regeneration process. To be more specific, the corrected 
estimation formula for computation is used for estimation of 

25 the exhaust gas energy on the next regeneration process. 

In the case where the absolute value of the difference 
(API - AP2) is below the threshold (3 (NO in step S5) , the 
control computer 28 does not correct the estimation formula 

30 for computation [(Fl + F2)/2] x Tx. The control computer 28 

uses the estimation formula for computation [(Fl + F2)/2] x Tx 
on the next regeneration process. To be more specific, the 
uncorrected estimation formula for computation is used for 
estimation of the exhaust gas energy on the next regeneration 

35 process. 
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The control computer 28 determines whether or not to 
correct the exhaust gas energy initial value correspondingly 
to the collectors 25A and 25B, and corrects and estimates the 
5 exhaust gas energy initial value if determined that the 

correction is necessary. The airflow meters 23A, 23B and the 
control computer 28 function to estimate the exhaust gas 
energy. 

10 The first embodiment has the following effects. 

(1 - 1) The state of having a large differential pressure 
API between upstream and downstream of the first collector 25A 
reflects the state of having a large exhaust gas flow of the 
first collector 25A, that is, the first exhaust passage 20A. 

15 The state of having a large differential pressure AP2 between 
upstream and downstream of the second collector 25B reflects 
the state of having a large exhaust gas flow rate of the 
second collector 25B, that is, the second exhaust passage 20B. 
Conversely, the state of having a small differential pressure 

20 API between upstream and downstream of the first collector 25A 
reflects the state of having a small exhaust gas flow rate of 
the first collector 25A, that is, the first exhaust passage 
20A. The state of having a small differential pressure AP2 
between upstream and downstream of the second collector 25B 

25 reflects the state of having a small exhaust gas flow rate of 
the second collector 25B, that is, the second exhaust passage 
20B. 

The first exhaust manifold 18A and first exhaust . passage 
30 20A and the second exhaust manifold 18B and second exhaust 

passage 20B are designed to have a mutually equal exhaust gas 
flow rate. Because of variations in manufacturing, however, 
there may arise a difference between exhaust resistance in the 
first exhaust path from the first exhaust manifold 18A to the 
35 first exhaust passage 20A and the exhaust resistance in the 
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second exhaust path from the second exhaust manifold 18B to 
the second exhaust passage 20B. In that case, there arises a 
difference between the exhaust gas flow rate of the first 
exhaust path (18A, 20A) and the exhaust gas flow rate of the 
5 second exhaust path (18B, 20B) . 

In the case where there is a difference between the 
exhaust resistance in the first exhaust path (18A, 20A) and 
the exhaust resistance in the second exhaust path (18B, 20B) , 

10 there arises a difference between the differential pressure 

API between upstream and downstream of the first collector 25A 
and the differential pressure AP2 between upstream and 
downstream of the second collector 25B. To be more specific, 
there arises a difference between the exhaust gas flow rate of 

15 the first collector 25A, that is, the first exhaust passage 

20A and the exhaust gas flow rate of the second collector 25B, 
that is, the second exhaust passage 20B. 

Curve CI in a timing chart of Fig. 2 (a) shows an example 
20 of a change in the first differential pressure API detected by 
the first differential pressure detector 24A. Curve C2 shows 
an example of a change in the second differential pressure AP2 
detected by the second differential pressure detector 24B. 
Curve D shows a change in the difference ( | API - AP2 | ) between 
25 the first differential pressure API and the second 

differential pressure AP2 . Line El shows execution and a stop 
of the regeneration process. The timing chart of Fig. 2 (a) 
indicates that there is no difference between the first 
differential pressure API and the second differential pressure 
30 AP2 (that is, | API - AP2 | < (3) upon finishing the execution of 
the regeneration process . 



Curve C3 in a timing chart of Fig. 2 (b) shows an example 
of a change in the first differential pressure API detected by 
35 the first differential pressure detector 24A. Curve C4 shows 
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an example of a change in the second differential pressure AP2 
detected by the second differential pressure detector 24B. 
Curve F shows a change in the difference (I API - AP2 | ) between 
the first differential pressure API and the second 
5 differential pressure AP2 . Line E2 shows execution and a stop 
of the regeneration process. The timing chart of Fig. 2 (b) 
indicates the case where there is a difference between the 
first differential pressure API and the second differential 
pressure AP2 (that is, | API - AP2 | > |3) upon finishing the 
10 execution of the regeneration process. 

Fig. 2 (b) shows the case where the differential pressure 
API between upstream and downstream of the first collector 25A 
is larger than the differential pressure AP2 between upstream 

15 and downstream of the second collector 25B. In this case, the 
control computer 28 corrects and increases the exhaust gas 
energy initial value correspondingly to the first collector 
25A, and also corrects and reduces the exhaust gas energy 
initial value correspondingly to the second collector 25B. 

20 Conversely, in the case where the differential pressure API 

between upstream and downstream of the first collector 25A is 
smaller than the differential pressure AP2 between upstream 
and downstream of the second collector 25B, the control 
computer 28 corrects and reduces the exhaust gas energy 

25 initial value correspondingly to the first collector 25A, and 
also corrects and increases the exhaust gas energy initial 
value correspondingly to the second collector 25B. Therefore, 
even in the case where there is a difference between the 
exhaust resistance in the first exhaust path (18A, 20A) and 

30 the exhaust resistance in the second exhaust path (18B, 20B) , 
the exhaust gas energy is correctly estimated correspondingly 
to the collectors 25A and 25B respectively. 

(1 - 2) As shown in Figs. 2(a) and 2(b), there is a 
35 difference between the first differential pressure API and the 
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second differential pressure AP2 before executing the 
regeneration process. This is because there is a difference 
between an amount of deposition of the black smoke particles 
in the first collector 25A and the amount of deposition of the 
5 black smoke particles in the second collector 25B. For that 
reason, it is not desirable to correct the exhaust gas energy 
initial value in such a state. After the regeneration process, 
it is presumably in the state of having the black smoke 
particles as the unclean substance mostly removed. The state 

10 in which the black smoke particles are not collected by the 
collectors 25A and 25B, that is, the state immediately after 
the regeneration process is an appropriate state in exploring 
whether or not there is a difference between the exhaust 
resistance in the exhaust path having the first collector 25A 

15 provided thereon and the exhaust resistance in the exhaust 
path having the second collector 25B provided thereon. 

(1 - 3) In the case where there are . variations in 
supercharging performance of the superchargers 19A and 19B, 

20 there arises a difference in passing resistance of the exhaust 
gas (exhaust resistance) in the turbine portion 192 of the 
superchargers 19A and 19B. An exhaust gas purifying device in 
the internal combustion engine including multiple 
superchargers and having a difference in the exhaust 

25 resistance is suitable as an application subject of the 
present invention . 

(1-4) According to the first embodiment, it is 
determined whether or not to correct the estimation formula 

30 for computation each time the regeneration process is executed. 
There are the cases where the black smoke particles in the 
collectors 25A and 25B are not completely removed even though 
the regeneration process is executed. If the state of 
removing the black smoke particles is different between the 

35 first collector 25A and the second collector 25B, there is a 
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difference between the exhaust resistance of the first 
collector 25A and the exhaust resistance of the second 
collector 25B even after the regeneration process. In the 
case where the state of removing the black smoke particles in 
the first collector 25A and the second collector 25B is 
different as to the regeneration process each time, there is a 
difference between the exhaust gas flow rate on the first 
collector 25A side and the exhaust gas flow rate on the second 
collector 25B side after the regeneration process as to the 
regeneration process each time. As it is not assured that the 
state of removing the black smoke particles in the collectors 
25A and 25B is always the same after the regeneration process, 
it is desirable to determine whether or not to correct the 
estimation formula for computation each time the regeneration 
process is executed. 

Next, a second embodiment according to the present 
invention will be described based on Figs. 4 to 6. The same 
component portions as the first embodiment will be indicated 
by using the same symbols as the first embodiment and a 
description thereof will be omitted. 

A control computer 28A shown in Fig. 6 executes the 
correction control program shown in the flowcharts of Figs. 4 
and 5. The correction control will be described below based 
on the flowcharts of Figs. 4 and 5. 

As shown in Fig. 4, in step S7, the control computer 28A 
takes in the crank angle detection information detected by the 
crank angle detector 27. In step S8, the control computer 28A 
determines whether or not the crankshaft is rotating, that is, 
whether or not the engine is in operation based on the crank 
angle detection information. In the case where the engine is 
not in operation (NO in step S8), the control computer 28A 
moves on to step S7 . In the case where the engine is in 
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operation (YES in step S8), the control computer 28A 
determines whether or not the crankshaft is rotating for the 
first time, that is, whether or not the engine is initially 
actuated in step S9. 

5 

In the case where the engine is initially actuated (YES 
in step S9) , the control computer 28A moves on to step Sll. 
Step Sll is the same process as step SI of the first 
embodiment. In step S14, the control computer 28A calculates 

10 a difference (API - AP2) between the first differential 

pressure API and the second differential pressure AP2 . In 
step S15, the control computer 28 determines whether or not an 
absolute value of the calculated difference (API - AP2) is the 
threshold p ((3 > 0) or more. In the case where the absolute 

15 value of the difference (API - AP2) is the threshold p or more 
(YES in step S15) , the control computer 28 corrects the 
estimation formula for computation [(Fl + F2)/2] x Tx in step 

516. In the case where the absolute value of the difference 
(API - AP2) is below the threshold (J (NO in step S15) ,. the 

20 control computer 28A does not correct the estimation formula 
for computation [(Fl + F2)/2] * Tx. 

As shown in Fig. 5, after the process of step S15 or S16, 
the control computer 28A takes in the crank angle detection 
25 information detected by the crank angle detector 27 in step 

517. In step S18, the control computer 28A determines whether 
or not the crankshaft is rotating, that is, whether or not the 
engine is in operation based on the crank angle detection 
information. In the case where the engine is not in operation 

30 (NO in step S18), the control computer 28A moves on to step 
S17. In the case where the engine is in operation (YES in 
step S18), the control computer 28A moves on to the process of 
steps SI to S6. The process of steps SI to S6 is the same as 
the process of steps SI to S6 of the first embodiment. 

35 
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After the process of step S5 or S6, the control computer 
28A moves on to step S17. As with the control computer 28 of 
the first embodiment, the control computer 28A has the 
functions of estimating the exhaust gas temperature and 
5 estimating the exhaust gas energy as well as the function of 
estimating the exhaust gas flow rate. The control computer 
28A uses the corrected estimation formula for computation on 
the next regeneration process in the case where the estimation 
formula for computation is corrected, and uses the uncorrected 
10 estimation formula for computation on the next regeneration 
process in the case where the estimation formula for 
computation is not corrected. 

According to the second embodiment, when actuating the 
15 internal combustion engine 10 for the first time, it is 

determined whether or not to correct the estimation formula 
for computation for acquiring the exhaust gas energy initial 
value based on the difference between the first differential 
pressure API and the second differential pressure AP2 . As the 
20 black smoke particles are not deposited in the collectors 25A 
and 25B when the internal combustion engine 10 is initially 
actuated, it is correctly determined whether or not to correct 
the estimation formula for computation for acquiring the 
exhaust gas energy initial value. 

25 

Next, a third embodiment according to the present 
invention will be described based on Figs. 7 and 8. The same 
component portions as the second embodiment will be indicated 
by using the same symbols as the second embodiment and a 
30 description thereof will be omitted. 

Differential pressure detectors 29A and 29B shown in Fig. 
7 are mounted on the exhaust passages 20A and 20B in an 
examination process before product shipment, and are not 
35 mounted on a shipped product. In the examination process 
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before the product shipment, a control computer 28B executes 
the correction control program shown in the flowchart of Fig. 
8. The correction control program shown in the flowchart of 
Fig. 8 is the program for executing the same processes as 
5 steps S7 to S9, Sll and S14 to S16 of the second embodiment. 
To be more specific, it is determined whether or not to 
correct the estimation formula for computation for acquiring 
the exhaust gas energy initial value only when the engine is 
initially actuated. 

10 

As with the control computer 28 of the first embodiment, 
the control computer 28B has the function of estimating the 
exhaust gas temperature and the function of estimating the 
exhaust gas energy as well as the function of estimating the 

15 exhaust gas flow rate. In the case where the estimation 

formula for computation is corrected, the corrected estimation 
formula for computation is used in all the cases thereafter. 
In the case where the estimation formula for computation is 
not corrected, the uncorrected estimation formula for 

20 computation is used in all the cases thereafter. As the third 
embodiment does not require the differential pressure detector 
for each of the products, product cost can be reduced compared 
to the cases of the first and second embodiments. 



25 The following embodiments are also possible according to 

the present invention. 

(1) In the first embodiment, it can be determined whether 
or not to correct the estimation formula for computation only 
when the engine is initially actuated or only immediately 

30 after the first regeneration process. 

(2) In the first embodiment, it is also possible to 
detect the air flow rate in the basic intake passage 21. In 
this case, half the detected air flow rate is used for the 
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estimation formula for computation. This configuration 
requires only one airflow meter. 

(3) The present invention is also applicable to an 

5 exhaust gas purifying device in the internal combustion engine 
including no supercharger 19A and 19B. 

(4) The present invention is also applicable to the 
exhaust gas purifying device in the internal combustion engine 

10 including the collector consisting of a NOx catalyst for 
collecting NOx (unclean substance) , a SOx catalyst for 
collecting SOx (unclean substance) or a three-way catalyst. 

(5) The present invention is also applicable for exhaust 
15 gas purifying device in an internal combustion engine 

including three or more collectors in parallel. 

(6) It is also possible to adjust each of the embodiments 
so as to equalize the exhaust gas flow rates of the exhaust 

20 paths based on the exhaust gas flow rates of the exhaust paths 
estimated from the exhaust gas flow rates. According to this 
configuration, it is no longer necessary to correct the 
estimation formula for computation. 

25 For that purpose, it may be configured to provide the 

intake manifolds to individual banks separately and make an 
adjustment by controlling the throttle valves provided to the 
intake manifolds separately so as to equalize the exhaust gas 
flow rates of the exhaust paths. It also may be configured to 

30 provide a flow rate regulating valve on each of the exhaust 

paths and adjust the opening of the flow rate regulating valve 
so as to equalize the exhaust gas flow rates of the exhaust 
paths . 
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